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We show theoretically that a weakly interacting gas of spin-polarized exciton-polaritons in a
semiconductor microcavity supports propagation of spin waves. The spin waves are characterised by
a parabolic dispersion at small wavevectors which is governed by the polariton-polariton interaction
constant. Due to spin-anisotropy of polariton-polariton interactions the dispersion of spin waves
depends on the orientation of the total polariton spin. For the same reason, the frequency of
homogeneous spin precession/polariton spin resonance depends on their polarization degree.
PACS numbers: 72.25.Rb, 75.30.Ds, 72.70.+m, 71.36.+c
Introduction. Spin waves are weakly damped harmonic
oscillations of spin polarization. Predicted to appear in
Fermi liquids over 50 years ago [1] and discovered in the
end of 1960s in metals [2] are among the most fascinating
manifestations of collective effects in interacting system.
Later it was understood theoretically that the spin waves
can exist in a non-degenerate electron gas [3] as well as
in atomic gases [4, 5], and the spin waves were indeed
observed in a number of interacting gases such as Hydro-
gen and Helium [6–8], see Ref. [9] for review. Spin waves
were also observed in atomic Bose gases, namely, in 87Rb
vapors at temperatures of about 850 nK which exceeded
the Bose-Einstein condensation temperature [10], see also
Refs. [11–13] where this experiment was interpreted.
Recently, semiconductor microcavities with quantum
wells sandwiched between highly reflective mirrors have
attracted a lot of interest in the solid state and photonics
communities [14]. In these artificial structures the strong
coupling is achieved between excitons, being material ex-
citations in quantum wells, and photons confined between
the mirrors [15]. Resulting mixed light-matter particles,
exciton-polaritons, demonstrate the Bose-Einstein statis-
tics and may condense at critical temperatures ranging
from tens Kelvin [16] till several hundreds Kelvin [17, 18],
which exceeds by many orders of magnitude the Bose-
Einstein condensation temperature in atomic gases. High
transition temperatures and the strong coupling with
light makes semiconductor microcavities perfectly suited
for benchtop studies of collective effects of Bosons.
In typical GaAs based microcavities, exciton-
polaritons may have two spin projections onto the struc-
ture growth axis, ±1, corresponding to right- and left-
circular polarizations of photons (and spin moment of
excitons) forming polaritons. Owing to the composite
nature of exciton-polaritons, the interactions between
them are strongly spin-dependent [14, 15, 19]. A number
of prominent spin-related phenomena both in interact-
ing and in noninteracting polariton systems have already
been predicted and observed in the microcavities, such
as, e.g., polarization multistability [20, 21] and optical
spin Hall effect [22, 23], see Refs. [14, 15, 19] for reviews.
Here we predict the existence of weakly-damped spin
waves for a non-degenerate or weakly degenerate polari-
ton gas in a microcavity with embedded quantum wells.
We show that the system sustains the spin wave solu-
tions, where the spin of polaritons S is harmonic function
of the coordinate, r, and time, t, S ∝ exp (iqr − iωt),
and calculate their dispersion, ω ≡ ω(q). The stability of
spin waves is analyzed. The experimental manifestations
of spin waves in the photoluminescence spectroscopy and
spin noise studies are discussed. Due to the strong light-
matter interaction in microcavities, which allows one to
observe directly the spin states of quasi-particles, micro-
cavities may become one of the most suitable systems for
spin waves experimental studies.
Model. We consider non-degenerate or weakly de-
generate polariton gas at a temperature higher than
the Berezinskii-Kosterlitz-Thouless transition tempera-
ture with weak interactions, in this case the single-
particle spin density matrix is parametrized as ρˆk =
(Nk/2)Iˆ + Sk · σˆ, where Nk is the occupancy of the or-
bital state with the wavevector k, Sk ≡ Sk(r) is the
coordinate r-dependent spin distribution function, Iˆ and
σˆ are 2 × 2 unit and Pauli matrices, respectively. The
spin distribution function satisfies the kinetic equation,
which describe the rate of Sk change in time as a result of
the particle propagation with the group velocity vk, spin
precession in the effective field Ω
(eff)
k , as well as gener-
ation and scattering processes described by the collision
integral Q{Sk} [24]:
∂Sk
∂t
+ vk · ∂Sk
∂r
+ Sk ×Ω(eff)k = Q{Sk}, (1)
Here
Ω
(eff)
k = α1
∑
k′
Sk′,zez + ΩL, (2)
the constant α1 describes interaction of polaritons with
parallel spins. We recall that the polariton-polariton
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2interactions are strongly spin-anisotropic and neglect
weak interaction of particles with opposite signs of cir-
cular polarization [25–28]. The effective field ΩL =
~−1gµBBzez + Ωaex + Ω(k), where ei are unit vectors
of Cartesian axes, i = x, y, z; is interaction-independent,
generally, it is contributed by an external magnetic field
B, g is the exciton-polariton g-factor [29], the splitting
of linearly polarized polariton states due to the structure
anisotropy, Ωa (the anisotropy field is parallel to x-axis)
and TE-TM splitting of the cavity modes, Ω(k). We
assume that the structure anisotropy is strong enough,
Ωa  Ω(k) for the relevant wavevectors range and ne-
glect TE-TM splitting [30]. Under our assumptions the
effective field is independent on k and acts similarly
to the real magnetic field. Depending on the ratio of
gµBBz/~ and Ωa this field can be arbitrarily oriented, see
Fig. 1(a). The collision integral in the right hand side of
Eq. (1) accounts for the polariton generation, scattering
and decay processes,
Q{Sk} = −Sk
τ0
+ gk +
∑
k′
[Wkk′Sk′ −Wk′kSk]. (3)
Here τ0 is the lifetime of polaritons, gk is the polari-
ton generation rate accounting for the in-coming flow of
quasiparticles from the reservoir, and Wkk′ is the scatter-
ing rate from the state k to the state k′ which accounts
for both elastic and inelastic scattering processes. Due to
the bosonic nature of exciton-polaritons and polariton-
polariton interactions gk and Wkk′ depend, generally,
on the occupancies and spin polarizations in the states
k, k′ [24, 25, 33]. The dynamics of polaritons can be
described by Eq. (1) which is valid provided that the
renormalization of spectrum due to polariton-polariton
interactions is negligible, otherwise the excitations spec-
trum should be found from the spin-dependent Gross-
Pitaevskii equation [34–36].
Under the steady-state excitation, the quasi-
equilibrium distribution S
(0)
k of exciton-polaritons
is formed whose shape is determined by the generation,
thermalization and interactions. This function satisfies
Eq. (1) with derivatives ∂/∂t, ∂/∂r being equal to
zero. For simplicity we assume that the pumping is
isotropic, hence S
(0)
k depends only on the absolute value
of the polariton wavevector k = |k|. Its specific form
is determined by the pumping conditions. In what
follows two important limiting cases are addressed:
(i) quasi-resonant pumping which creates monoener-
getic polaritons (so-called excitation of elastic circle),
such a situation can be experimentally realized if the
pump energy is slightly above the inflection point on
the dispersion Fig. 1(b), so that the phonon-assisted
relaxation towards the ground state is suppressed
due to polaritons strong energy dispersion (bottleneck
effect), and (ii) nonresonant pumping which creates
thermalized distribution of particles. In the case of
quasi-resonant excitation of polaritons with the same
energy ε0 by a polarized light, the spin distribution
(a)
(c)
(b)
Figure 1: (a) Schematics of the microcavity structure and ex-
ternal fields acting on the polariton pseudospin. (b) Sketch
of polariton dispersion (surface) and elastic circle (red cir-
cle). The distribution function of polariton spin in the case
of linearly polarized excitation of the states on elastic circle
is illustrated by arrows. (c) Schematic illustration of the spin
wave propagating along x-axis at Bz = 0; red and blue arrows
demonstrate δsz and δsy components.
function S
(0)
k ∝ δ(ε − ε0)ei, where i = x or y for the
linearly polarized excitation and i = z for the circularly
polarized one, ε ≡ εk is the polariton dispersion, see
scheme in Fig. 1(b), while for thermalized polaritons
(at the temperature T higher than the degeneracy
temperature), S
(0)
k ∝ S0 exp (−ε/T ) with the prefactor
S0 dependent on the effective field ΩL. In order to
analyze the spin excitations, the total spin distribution
function is presented as a sum of its quasi-equilibrium
part S
(0)
k and the fluctuating correction δsk  S(0)k .
A standard linearization of Eq. (1) and substitution of
δsk = exp (iqr − iωt)sk with q being the wavevector
and ω being the frequency of the fluctuation yields,
cf. [1, 9]:[
τ−1c − iω + i(q · vk)
]
sk + α1S
(0)
k × ez
∑
k′
sk′,z
+ sk ×
(
ΩL + α1ez
∑
k′
S
(0)
k′,z
)
= −sk − s¯k
τ
, (4)
where we introduced the lifetime of the fluctuation τc
and the isotropization time τ . Bar simbolizes averaging
over possible orientations of k. In the simplest approx-
imation, polaritons are assumed to be supplied directly
by the polarized pump or from the incoherent but spin-
polarized reservoir, the polariton-polariton scattering is
neglected as well as inelastic processes, and the elas-
tic scattering is assumed to be isotropic, in which case
Wk,k′ = W (εk)δ(εk − εk′), τ−1 =
∑
k′ W (εk)δ(εk − εk′).
The lifetime of a fluctuation is governed by an interplay
of polariton decay processes accounted for by the life-
time τ0 in our formalism, and by the bosonic stimulation
3effect, which increases the lifetime of the fluctuations,
τc = τ0(1 + Nk) [24]. Equation (4) determines the dy-
namics of spin fluctuations in the system. Its eigenmodes
represent the spin waves in the interacting polariton en-
semble.
Results. The solution of Eq. (4) can be expressed by
decomposing the function sk in the angular harmonics of
the polariton wavevector k as sk =
∑
m exp (imϕ)sm(ε),
with ϕ being the azimuthal angle of k, and reducing
Eq. (4) to a system of equations for the energy depen-
dent functions sm(ε). The condition of compatibility for
this system of equations yields dispersions of the waves.
Below we analyze the spectrum of excitations and eigen-
modes for different particular cases.
Homogeneous excitations. We start the analysis from
the homogeneous case, q = 0. In this case the angu-
lar harmonics exp (imϕ)sm(ε) are the eigensolutions of
Eq. (4). For all m 6= 0 one eigenmode corresponds to
the damped solution with sm parallel to the total field
Ω(tot) = ΩL + α1S0,zez, S0 =
∑
k′ S
0
k′ , whose damping
rate is ν = τ−1c +τ
−1, and two other eigenmodes precess-
ing in the plane perpendicular to Ω(tot) with frequencies
Ω(tot) and the damping rate ν.
The harmonic with m = 0 is isotropic in k-space,
its eigenfrequency corresponds to the spin resonance fre-
quency. We introduce s˜0 =
∑
k s0(ε) and perform the
summation of Eq. (4) over k which yields
(τ−1c −iω)s˜0−α1s˜0,zez×S0+α1s˜0×ezS0,z+s˜0×ΩL = 0.
(5)
We recall that in the case of spin-anisotropic interactions
the Larmor theorem [37] in not applicable, and the homo-
geneous spin excitation frequency can be renormalized by
the interactions. To illustrate it we consider the depen-
dence of the spin resonance frequency on the orientation
of effective Larmor field ΩL and spin polarization S(0).
The orientation of ΩL in (xz)-plane can be varied by
changing the external magnetic field contributing to ΩL,z
or mechanical strain contributing to ΩL,x = Ωa. We as-
sume efficient thermalization in the spin space, S0 ‖ ΩL,
introduce the angle θ between S0 and z-axis and present
the complex eigenfrequencies of Eq. (5) in a form [28]
ω0 = − i
τc
, (6)
ω± = − i
τc
±
√
Ω2L + α
2
1S
2
0 cos
2 θ + α1ΩLS0(3 cos2 θ − 1).
For instance, if ΩL and S0 are parallel to z-axis, θ =
0, the frequencies of the precessing modes are ±|ΩL,z +
α1S0,z| and the damping rate is 1/τc.
Real part of ω+ and imaginary parts of ω± are shown
in Fig. 2 as a function of angle between the field and the
z-axis θ. Depending on the sign α1S0ΩL the frequency
can increase or decrease with an increase of θ. Note,
that for large enough α1S0, hence ω± become imaginary
as shown by red/solid curve in Fig. 2. Moreover, the
imaginary part of one of the frequencies can be positive
which manifests the instability of the system, see inset
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Figure 2: Eigenfrequencies of homogeneous precessing modes
with m = 0 as a function of angle θ calculated after Eq. (6).
Main panel shows real part of the frequencies and inset
shows imaginary parts. The parameters of calculation are:
α1S0ΩL = 0.8 (blue/dashed) and 1.1 (red/solid), ΩLτc = 10.
in Fig. 2. To analyze it in more detail we put θ = pi/2
(Bz = 0, S0 and ΩL are in the structure plane). In this
case ω± = −i/τc±
√
Ω2L − α1S0ΩL. The system becomes
unstable for
α1S0ΩL > Ω
2
L +
1
τ2c
, (7)
and small fluctuations of sy and sz grow exponen-
tially. This is because the anisotropic interactions be-
tween polaritons favor in-plane orientation of the pseu-
dospin [19, 20]. The instability of small spin fluctuations
can result in the nonlinear oscillations of spin polariza-
tion [31] similar to those discussed in Refs. [1, 39] or in
changes in the polarisation of the ground state accompa-
nied by change of orientation of S0 (cf. [40]) where the
condition (13) no longer holds.
Spin waves. Let us consider the spatially inhomoge-
neous solutions of Eq. (4) which describe the propagation
of spin fluctuations and spin waves. To be specific, we
consider the case where S0k and ΩL are parallel to x-axis,
and to simplify the treatment we assume τ  τc [28].
Moreover, we assume that the system is stable at q = 0,
i.e. the condition (13) is not fulfilled. We seek the solu-
tion, which corresponds to the precessing mode at q = 0,
where sk,x = 0. From Eq. (4) we arrive to the set of
linear homogeneous integral equations for sk,y and sk,z,
whose self-consistency requirement yields∑
k
α1ΩLτ
2
c S
(0)
k
[1− iωτc + i(qvk)τc]2 + (ΩLτc)2 = 1. (8)
This equation describes the dispersion of spin waves. It
has a more complex form compared with the dispersion
equation for the spin waves in the systems with spin-
isotropic interactions [1, 3, 9].
To solve Eq. (8) one has to specify the function S
(0)
k
whose form is determined by the excitation conditions. It
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Figure 3: Dispersion of spin waves in the case of resonant exci-
tation calculated after Eq. (9). The parameters of calculation
are indicated at each curve.
is instructive to consider the case of resonant excitation
of polaritons at the elastic circle where a monoenergetic
distribution of particles is generated. For the isotropic
dispersion the product qvk = qv0 cosϕ, v0 = ~−1dεk/dk
is the polariton velocity on the elastic circle. Here the
summation over k reduces to the averaging over the az-
imuthal angle ϕ and Eq. (8) takes the form
1√
ω˜2+ − (qv0)2
− 1√
ω˜2− − (qv0)2
=
2
α1S0
, (9)
where ω˜± = ω ±ΩL − i/τc. Equation (9) determines the
dispersion of the spin waves. For q = 0 it passes to ω± in
Eq. (6). For small qv0  |α1S0| and |α1S0|  |ΩL| the
dispersion of the spin waves reads
ω(q) = ΩL − α1S0/2− (qv0)2/(α1S0)− i/τc, (10)
where we took the solution which passes to ω+ in Eq. (6).
As follows from Eq. (10) the dispersion is parabolic for
small qv0 and the “effective mass” is proportional to α1.
Similarly to the previously studied electronic and atomic
systems [1, 3, 9, 41] the dispersion of spin wave results
from an interplay of the gradient, ∝ qvk, and interac-
tion, ∝ α1, terms in the kinetic equation (4). Indeed,
owing to the gradient contribution, the spin density in k-
space acquires ∝ (qv0)2 correction, yielding gain or loss
of energy depending on the sign of α1S0. The spin wave
frequency increases with the increase of the wavevector
for α1S0 < 0 and decrease for α1S0 > 0. The behavior of
ω(q) is illustrated in Fig. 3. Noteworthy, for the solutions
with α1S0 > 0, the real part of the frequency vanishes at
some q, in which case the solutions of Eq. (10) may be-
come unstable. For arbitrary direction of ΩL and S0 the
dispersions of waves has a similar form, but its parame-
ters depend on the orientation of the magnetic field and
the total spin due to anisotropy of polariton-polariton
interactions
It is instructive to compare the parabolic dispersion of
spin waves in a weakly interacting polariton gas with the
dispersion of excitations of an interacting polariton con-
densate [34–36]. In the case of a condensate of polaritons
(in the absence of TE-TM splitting) the dispersion of ex-
citations is linear. By contrast, the dispersion of spin
waves for non-condensed polaritons is parabolic at small
wavevectors.
In the case of a non-resonant excitation where a con-
tinuous distribution S
(0)
k is formed, the analysis of the
dispersion of spin waves is more complex, particularly
because the additional channel of damping caused by the
spatial dispersion appears [3, 9], but the basic physics re-
mains the same. To illustrate this we consider the case of
a thermalized non-degenerate gas where S
(0)
k is described
by the Boltzmann function characterised by an effective
temperature T . The evaluation of the sum in Eq. (8)
under the assumptions |α1S0|  |ΩL|, |α1S0|τc  1 and
qvT  |α2S0|, where vT =
√
kBT/m is the thermal ve-
locity with m being the polariton effective mass and kB
being the Boltzmann constant, and the solution of the
resulting equation yields the dispersion in the form
ω(q) = ΩL − α1S0/2− 2(qvT )
2
α1S0
− iγL, (11)
where the Landau damping can be estimated as
γL =
√
pi
2
(α1S0)
2
4qvT
exp
(
− (α1S0)
2
8(qvT )2
− 1
)
, (12)
and it is exponentially small for small wavevectors, in
agreement with Refs. [3, 9]. The allowance for Landau
damping in Eq. (11) is correct only if the damping is
large enough compared with 1/τc but small compared to
|α1S0|.
Conclusions. To conclude, we predicted the existence
of exciton-polariton spin waves in semiconductor micro-
cavities with embedded quantum wells. The dispersion
and damping of spin waves were calculated in two impor-
tant particular cases: (i) resonant excitation of a quasi-
monoenergetic distribution of polaritons at an elastic cir-
cle and (ii) nonresonant excitation, where the Boltzmann
distribution of quasi-particles is formed. In the state-of-
the-art microcavities the polariton polarisation splittings
induced by the cavity anisotropy, ~ΩL, and interaction-
induced effective field ~α1S0 are of the order of 100 µeV,
usually [42–44]. For the polariton lifetime & 10 ps the
spin waves can be readily detectable even at the rela-
tively weak pump. The spin waves can be excited, e.g., in
two-beam photoluminescence experiments where the cw
beam creates the desired steady distribution of polaritons
with a given spin polarization S
(0)
k and the probe beam
injects a small non-equilibrium portion of polaritons with
the spin polarization different from S
(0)
k . The time-
resolved micro-photoluminescence spectroscopy as used
e.g. in Refs. [45, 46] would be a suitable tool for detec-
tion of the spin waves. Another possibility to observe the
spin waves is to use the spin noise spectroscopy [47, 48]
and measure temporal and spatial correlations of spin
fluctuations in the presence of the pump only [31].
5Acknowledgements. We are grateful to V.A. Zyuzin
for discussions. This work was supported by RFBR, RF
President grant MD-5726.2015.2, Dynasty Foundation,
Russian Ministry of Education and Science (Contract No.
11.G34.31.0067 with SPbSU and leading scientist A. V.
Kavokin), and SPbSU grant 11.38.277.2014.
[1] V. P. Silin. JETP 8, 870 (1959).
[2] S. Schultz, G. Dunifer. Phys. Rev. Lett. 18, 283 (1967).
[3] A. G. Aronov. JETP 46, 301 (1977).
[4] E. P. Bashkin. JETP Lett. 33, 8 (1981).
[5] C. Lhuillier, F. Laloe¨. J. Phys. France 43, 197 (1982); ibid
43, 225 (1982).
[6] B. R. Johnson, J. S. Denker, N. Bigelow, L. P. Le´vy, J. H.
Freed, D. M. Lee. Phys. Rev. Lett. 52, 1508 (1984).
[7] P. Nacher, G. Tastevin, M. Leduc, S. Crampton, F. Laloe¨.
Journal de Physique Lettres 45, 441 (1984).
[8] W. J. Gully, W. J. Mullin. Phys. Rev. Lett. 52, 1810
(1984).
[9] E. P. Bashkin. Sov. Phys. Usp. 29, 238 (1986).
[10] H. J. Lewandowski, D. M. Harber, D. L. Whitaker, E. A.
Cornell. Phys. Rev. Lett. 88, 070403 (2002).
[11] M. O. Oktel, L. S. Levitov. Phys. Rev. Lett. 88, 230403
(2002).
[12] J. N. Fuchs, D. M. Gangardt, F. Laloe¨. Phys. Rev. Lett.
88, 230404 (2002).
[13] J. E. Williams, T. Nikuni, C. W. Clark. Phys. Rev. Lett.
88, 230405 (2002).
[14] V. Timofeev, D. Sanvitto (eds.). Exciton Polaritons in
Microcavities (Springer, 2012).
[15] A. Kavokin, J. Baumberg, G. Malpuech, F. Laussy. Mi-
crocavities (Oxford University Press, UK, 2011).
[16] J. Kasprzak, M. Richard, S. Kundermann, A. Baas,
P. Jeambrun, J. M. J. Keeling, F. M. Marchetti, M. H.
Szymanska, R. Andre´, J. L. Staehli, V. Savona, P. B. Lit-
tlewood, B. Deveaud, L. S. Dang. Nature 443, 409 (2006).
[17] G. Christmann, R. Butte´, E. Feltin, J.-F. Carlin, and
N. Grandjean. Appl. Phys. Lett. 93, 051102 (2008).
[18] W. Xie, H. Dong, S. Zhang, L. Sun, W. Zhou, Y. Ling,
J. Lu, X. Shen, and Z. Chen. Phys. Rev. Lett. 108, 166401
(2012).
[19] I. A. Shelykh, A. V. Kavokin, Y. G. Rubo, T. C. H. Liew,
G. Malpuech. Semicond. Sci. Technol. 25, 013001 (2010).
[20] N. A. Gippius, I. A. Shelykh, D. D. Solnyshkov, S. S.
Gavrilov, Y. G. Rubo, A. V. Kavokin, S. G. Tikhodeev,
G. Malpuech. Phys. Rev. Lett. 98, 236401 (2007).
[21] T. K. Para¨ıso, M. Wouters, Y. Le´ger, F. Morier-Genoud,
B. Deveaud-Ple´dran. Nat. Mater. 9, 655 (2010).
[22] A. Kavokin, G. Malpuech, M. Glazov. Phys. Rev. Lett.
95, 136601 (2005).
[23] C. Leyder, M. Romanelli, J. P. Karr, E. Giacobino,
T. C. H. Liew, M. M. Glazov, A. V. Kavokin, G. Malpuech,
A. Bramati. Nat. Phys. 3, 628 (2007).
[24] M. M. Glazov, M. A. Semina, E. Y. Sherman, A. V.
Kavokin. Phys. Rev. B 88, 041309 (2013).
[25] H. T. Cao, T. D. Doan, D. B. T. Thoai, H. Haug. Phys.
Rev. B 77, 075320 (2008).
[26] K. Kavokin, P. Renucci, T. Amand, X. Marie, P. Senel-
lart, J. Bloch, B. Sermage. pss c 2, 763 (2005).
[27] M. Vladimirova, S. Cronenberger, D. Scalbert, K. V. Ka-
vokin, A. Miard, A. Lemaˆıtre, J. Bloch, D. Solnyshkov,
G. Malpuech, A. V. Kavokin. Phys. Rev. B 82, 075301
(2010).
[28] Results for the general case will be presented elsewhere.
[29] The Zeeman effect caused by the in-plane components of
external field is negligible since it mixes dark and bright
excitonic states.
[30] The TE-TM splitting itself results in the non-trivial spin
dynamics of polaritons [28, 31]. It can be also suppressed
by design of microcavity [32].
[31] See supplementary materials for details.
[32] G. Panzarini, L. C. Andreani, A. Armitage, D. Baxter,
M. S. Skolnick, V. N. Astratov, J. S. Roberts, A. V. Ka-
vokin, M. R. Vladimirova, and M. A. Kaliteevski. Phys.
Rev. B Phys. Rev. B 59, 5082 (1999).
[33] M. M. Glazov, I. A. Shelykh, G. Malpuech, K. V. Ka-
vokin, A. V. Kavokin, D. D. Solnyshkov. Solid State Com-
mun. 134, 117 (2005).
[34] I. A. Shelykh, Y. G. Rubo, G. Malpuech, D. D. Sol-
nyshkov, A. Kavokin. Phys. Rev. Lett. 97, 066402 (2006).
[35] H. Flayac, H. Tercas, D. D. Solnyshkov, and G.
Malpuech, Phys. Rev. B 88, 184503 (2013).
[36] A. M. Kamchatnov, Y. V. Kartashov, P.-E´. Larre´, and N.
Pavloff, Phys. Rev. A 89, 033618 (2014); P.-E´. Larre´, N.
Pavloff, and A. M. Kamchatnov, Phys. Rev. B 88, 224503
(2013).
[37] L. Brillouin. Phys. Rev. 67, 260 (1945).
[38] D. Read, T. C. H. Liew, Y. G. Rubo, A. V. Kavokin.
Phys. Rev. B 80, 195309 (2009).
[39] E. Kammann, T. C. H. Liew, H. Ohadi, P. Cilibrizzi,
P. Tsotsis, Z. Hatzopoulos, P. G. Savvidis, A. V. Kavokin,
P. G. Lagoudakis. Phys. Rev. Lett. 109, 036404 (2012).
[40] V.L. Korenev. Phys. Rev. B 86, 035310 (2012).
[41] A. M. Ermolaev, N. V. Ulyanov. Landau-Silin spin waves
in conductors with impurity states (LAP Lambert Aca-
demic Publishing, 2012).
[42] A. V. Larionov, V. D. Kulakovskii, S. Ho¨fling, C. Schnei-
der, L. Worschech, A. Forchel. Phys. Rev. Lett. 105,
256401 (2010).
[43] P. Walker, T. C. H. Liew, D. Sarkar, M. Durska, A. P. D.
Love, M. S. Skolnick, J. S. Roberts, I. A. Shelykh, A. V.
Kavokin, D. N. Krizhanovskii. Phys. Rev. Lett. 106,
257401 (2011).
[44] M. Vladimirova, S. Cronenberger, D. Scalbert, M.
Nawrocki, A. V. Kavokin, A. Miard, A Lemaˆıtre, and J.
Bloch. Phys. Rev. B 79, 115325 (2009).
[45] K. G. Lagoudakis, M. Wouters, M. Richard, A. Baas,
I. Carusotto, R. Andre, L. S. Dang, B. Deveaud-Pledran.
Nat. Phys 4, 706 (2008).
[46] A. Amo, D. Sanvitto, F. P. Laussy, D. Ballarini, E. d.
Valle, M. D. Martin, A. Lemaitre, J. Bloch, D. N.
Krizhanovskii, M. S. Skolnick, C. Tejedor, L. Vina. Na-
ture 457, 291 (2009).
[47] V. S. Zapasskii. Adv. Opt. Photon. 5, 131 (2013).
[48] J. Hu¨bner, F. Berski, R. Dahbashi, M. Oestreich. pss b
251, 1824 (2014).
6Supplemental materials
A. Interaction-induced instability of polariton spin
dynamics
The linear analysis of kinetic equation (5) in the main
text shows that the polariton spin system becomes un-
stable at θ = pi/2 (S0 ‖ ΩL is in the structure plane)
provided that
α1S0ΩL > Ω
2
L +
1
τ2c
, (13)
see Eq. (7) of the main text. In the linear regime the ex-
citations are grow exponentially (in the unstable regime)
with the increment
λ =
√
α1S0ΩL − Ω2L − 1/τc (14)
In order to analyze the instability in more detail we con-
sider the simplest possible case where polariton genera-
tion and dissipation are absent and the spin dynamics is
described by the following equation
∂S
∂t
+ S ×Ω(eff) = 0, (15)
with
Ω
(eff)
k = ΩL + α1
∑
k′
Sk′,zez, (16)
see Eqs. (1) and (2) of the main text.
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Figure 4: Panels (a) and (b) show temporal dynamics of
the total spin components nonlinear Eqs. (15), (16) for ho-
mogeneous case for ΩL ‖ S0||x (at t = 0) and small
δsy(0) = S0/10. (a) corresponds to stable and (b) to un-
stable regimes. Spin components are marked at each curve,
thin solid line shows exponentially growing solution calculated
after Eq. (14).
Examples of temporal dynamics of the total polariton
pseudospin in the stable and unstable regimes calculated
numerically after Eq. (15) are shown in Fig. 4, panels (a)
and (b), respectively. It is seen that the instability of
small spin fluctuations can result in the nonlinear oscil-
lations of spin polarization similar to those discussed in
Refs. [2? ] [Fig. 4(b)]. The detailed analysis of the final
state of the system and its stability with allowance for
dissipative processes is beyond the scope of the present
paper.
B. Spin precession caused by TE-TM splitting
Here we demonstrate that the TE-TM splitting of the
polariton states can also result in the weakly damped
spin resonance and diffusive spin modes. We consider
symmetric cavity with the TE-TM splitting Ωk in the
form
Ωk = Ω(k)[cosϕ, sinϕ, 0], (17)
where ϕ is the angle between k and x-axis in the struc-
ture plane, Ω(k) is the amplitude of the TE-TM splitting.
For simplicity we consider monoenergetic polaritons with
the energy ε0 ≡ ε(k0), introduce Ω0 = Ω(k0), and as-
sume that both Ω0τc,Ω0τ  1. We focus on dynamics
of spin z component. For q = 0 we obtain (note that Sz
is isotropic function of ϕ, while Sx and Sy are strongly
anisotropic and their angular averages are 0):(
−iω + 1
τc
)
Sk,z + Sk,xΩ0,y − Sk,yΩ0,x = 0, (18a)(
−iω + 1
τc
+
1
τ
)
Sk,x − Sk,zΩ0,y = 0, (18b)(
−iω + 1
τc
+
1
τ
)
Sk,y + Sk,zΩ0,x = 0. (18c)
Solution of Eqs. (18) yields the frequency of homogeneous
spin z component oscillations
ω = Ω0
√
1− [2Ω0τ ]−2 − i
τc
− i
2τ
. (19)
In the relevant limiting case Ω(k)τ  1 spin z compo-
nent demonstrates oscillations with the frequency Ω(k)
similarly to the oscillations of spin in high-mobility elec-
tron gas [3–5]. Note that for Ω(k)τ  1 the frequency is
purely imaginary, ω = −iΩ20τ − i/τc.
The spectrum of inhomogeneous spin excitations can
be conveniently found in the limit of qv0τ  1, in which
case the gradient term ∝ (qvk), Eqs. (1) and (4) of the
main text, can be taken into account by perturbation
theory. After some algebra we obtain for monoenergetic
particles in the limit of Ω0τc,Ω0τ  1, qv0τ  1:
ω(q) = Ω0 − i
τc
− i
2τ
− i(qv0)2τ. (20)
Unlike the spin waves predicted in the main text, Eq.
(10), here the spatial inhomogeneity results in the diffu-
sive damping of the spin precession mode. The analysis
of the interplay between interactions and TE-TM split-
ting is beyond the present paper.
C. Spatial correlations of polariton spins
Spin waves describe the time-space correlations of po-
lariton spins and can be addressed in the two-beam spin
noise spectroscopy technique (for reviews on the spin
7Figure 5: Correlator of polariton spins Czz =
〈δSz(r, t)δSz(0, 0)〉 calculated after Eq. (23). The cal-
culation parameters are as follows: Ω = 1, τc = 10,
A′ = 0.25, A′′ = 0.01 (coordinates and time are given in
dimensionless units).
noise spectroscopy see, e.g., Refs. [6, 7], temporal and
spatial fluctuations of spin density were studied for elec-
trons for the first time in Refs. [8, 9], respectively). The
correlation function of polariton spin fluctuations can be
expressed via the spin waves spectrum ω(q) as
〈δSz(r, t)δSz(0, 0)〉 ∝
∫
dω
2pi
∑
q
exp (iqr − iωt)
ω − ω(q) . (21)
In the long-wavelength limit [see Eqs. (10) and (11) of
the main text]
ω(q) = Ω−Aq2 − i/τc, (22)
where Ω and A are the parameters depending on the
effective field, S0 and interactions. Note that diffusion
of particles yields imaginary part A′′ of A = A′ + iA′′ in
addition to its real part A′ determined by interactions.
Making use of Eq. (22) we arrive from Eq. (21) to
〈δSz(r, t)δSz(0, 0)〉 = Im
exp
[
i
(
r2
4At − Ωt
)]
4piAt
 e−t/τc .
(23)
The spin correlation function is presented in Fig. 5.
The oscillations of the correlation function as a function
of coordinate and time are clearly seen demonstrating
wave-like propagation of spin excitations.
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